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超声手术刀是 20 世纪 90 年代后在生物医学领域新兴的一种手术器械，而
MEMS 技术在超声手术刀制造中的引入，又促使其向高精度、微体积、多功能、










提升。在相同长度尺寸下，指数杆的放大率经优化可达三角型杆的 2.1 倍。 
2．建立了微型超声手术的等效网络模型，并在此基础上利用软件仿真模拟





294KHz 的工作频宽及 40Vp-p、1A 的大功率交流输出能力，并在线性放大精度、
动态响应及稳定性方面的表现与专用商用电源相当，能稳定驱动三角型超声手术


















Ultrasonic knife is a new kind of surgical instrument which was developed in the 
late 1990s. With the introduction of MEMS technology, it becomes smaller, more 
precise, versatile and low-cost. In this paper, based on the research project ‘Ultrasonic 
Micro-knife Based on MEMS Technology’ supported by the National 863 Program, 
the theoretical analysis of the horn and the modeling of the micro-knife have been 
done, then the power-driving system was designed after the theoretical study. The 
main contributions and innovations in this paper are summarized as follows: 
1. The theoretical analysis of the composite triangle and exponential silicon horn 
was done for the first time. And the main functions and equations were derived. Based 
on these functions and the parameters, the micro-knife samples were analyzed, 
optimized and tested. The result shows that, the coupling of the PZT with the horn at 
its nodes surface exhibits the best quality, and the displacement at the front of the horn 
was doubled when driving with two PZT, comparing to the one PZT driving condition. 
Moreover, the composite triangle horn has a stable amplification of 2.9, which will 
not be effected by its length, and the exponential horn exhibits a higher magnification, 
and can further enhance its magnification by increasing the ratio of the width of the 
exponential part. After being optimized, the exponential horn with the same length 
can achieve a magnification 2.1 times of the triangle horn. 
2. An equivalent network model for the micro-knife was established, and after 
simulating by the software and testing by the impedance analyzer, a more simplified 
load model for the high frequency application was established base on this equivalent 
network model. 
3. According to the load model and the requirements of practical application, a 
composite piezoelectric power driving system was designed, and circuit principles 
and the design details are also given in this paper. Finally, the power driving system 















pure discrete device system and pure IC system, such as high frequency, low-power 
consuming, high-power output, small-size and low-cost. Meanwhile, this system has a 
working frequency range of 294 KHz, large power output of 40Vp-p, 1A and have a 
good dynamic response and stability performance as the NF-BA4845 commercial 
driving power system when driving the micro-knife, can meet the application 
requirements well. 
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与传统的机械加工制造工艺不同，MEMS 制造技术的实现主要基于 IC 技术和微
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